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From the Zoological Laboratory of Indiana University.^ 

It is a well-known fact that sex-ratios in most animals approxi¬ 
mate equality. The ratio is seldorh one of exact equality, how¬ 
ever, and the preponderance may be in favor either of the males 
or the females. The variation from equality is fairly constant 
for the species. For man the ratio has been found to be lOO 
females to 105 males; for the horse, 100 to 98; for the cow, 100 
to 107; for the sheep, 100 to 97; for the pig, 100 to iii; for the 
dove, 100 to 105; and for the hen, 100 to 94. These variations 
are so constant that they cannot be attributed to chance and 
they are irregularities for which our present theories of sex deter¬ 
mination offer no adequate explanation. 

The writer has attempted to determine the sex-ratio of the 
fruit fly. Drosophila ampelophila. The determination was made 
from three unrelated stocks in which the best possible environ¬ 
mental conditions were provided. All matings were in single 
pairs. Over 35,000 flies were examined and the ratio was found 
to be 100 females to 95 males. 

Moenkhaus tested the effect of selection upon the sex-ratio 
of Drosophila ampelophila and decided that the sex-ratio in this 
species is “amenable to selection.” If it be true that the relative 
number of males and females in a strain can be varied by selection, 
the present theories of sex determination must be somewhat 
modified. Although this fact would not necessarily disprove 
the theories of sex determination, it would necessitate the assump¬ 
tion of an hypothesis of selective fertilization or of differential 
mortality or viability of the determining elements. 

In view of the vital bearing of Moenkhaus’s findings upon the 
theories of sex determination, it has been deemed worth while 
to repeat his work. 
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Methods and Material. 

The selection experiments were carried out upon three unre¬ 
lated stocks. The stock for the first experiment was collected 
in Bloomington, Ind.; for the second, in Saratoga, Ind.; and for 
the third, in Warsaw, Ind. In the first two cases the experiments 
were started as soon as the stocks were collected from nature but 
the Warsaw stock was inbred in the laboratory for about six 
months before the experiment was started. At all times the 
greatest care was exercised to prevent contamination. The 
flies were provided with an abundance of food and care was taken 
to examine all the offspring of each pair. All matings were 
single pair matings. 

Each experiment was conducted upon the offspring of a single 
pair of flies, that is, for the first experiment, a virgin female was 
selected from the Bloomington stock and mated to a brother. 
From among the offspring of this pair of flies, the parents of the 
two strains were obtained. The one strain in which there was 
selection for a relatively high number of females in comparison 
to the number of males, has been called the “high” strain and the 
one in which the selection was in the opposite direction, has been 
called the “low” strain. Before selection was started, a suffi¬ 
cient number of flies were examined to obtain a fair estimate of 
the sex-ratio of the stock under consideration. Moenkhaus’s 
high and low strains were not offspring of a single pair of flies but 
were obtained by selecting from nature, pairs which had unusual 
ratios in the desired direction. Furthermore, he knew nothing 
of the original sex-ratio of his strains before selection began. 

In each generation an attempt was made to examine the off¬ 
spring of ten pairs in each strain. Unsuccessful matings, usually 
due to poor food conditions, sometimes prevented this. In each 
generation, the pair which gave the most extreme ratio in the 
desired direction was used as the parent of the succeeding genera¬ 
tion. At times, technical difficulties prevented the most ex¬ 
treme pair being used and in these cases the next best was used. 
Pairs showing extreme ratios but producing a small number of 
offspring were not used. Since it was not possible to know 
which pair had the most desirable ratio till all of the offspring of 
all the pairs in a generation were examined, the technique of the 
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experiment was made somewhat difficult. This might have 
been overcome by isolating some males and females from each 
mating and then, after the counts for that generation were com¬ 
pleted, mating the offspring of the pair giving the most extreme 
ratio. This would have prolonged the experiment, so to avoid 
delay, at about the eighth or ninth day after the young had 
begun to emerge, fifteen pairs were mated from among the off¬ 
spring of each mating which was being examined. In this way, 
by the time one generation was finished, the next was almost 
ready to begin to emerge. Since ten matings in each strain were 
examined, this necessitated the mating of about300 pairs of flies 
in each generation. A control was also carried in each experi¬ 
ment in which a few hundred flies were examined each generation. 


Preliminary Experiment. 

This experiment was to test whether the age of the parents 
would in any way influence the relative number of males and 
females produced. Several matings were made and the adults 

Table I. 


Showing Results of Experiment to Test the Effect of Age of Parent Upon the Sex - Ratio . 
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were transferred to new bottles every eight days as long as they 
both lived. The age of the parents does not influence the sex- 
ratio as is shown by the results given in Table I. 
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Selection Experiment I. (Bloomington Stock.) 

From a stock of flies collected in Bloomington, a virgin female 
was selected and mated to a male from the same stock. From 
the offspring of this pair of flies the high and low strains were 
started. Before selection was begun, 2,936 flies were examined 
for sex. The ratio was 1,456 males to 1,480 females, or i male 
to 1.06 females. The ratio here is stated in just the reverse order 
from the customary form but since Moenkhaus used the reverse 
order, the ratios in the present discussion will be stated likewise 
to make the two experiments more comparable. Table II. 
gives the history of the origin of the high and low strains. 

Table II.^ 

Showing Origin of the “ High ” and “ Low ” Strains of the Bloomington Stock . 
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Tables III. and IV. give the history of the high and low strains. 
There is no indication of the ratios having changed in the direc¬ 
tion of the selection. In fact, in the high strain where there was 
selection for a relatively high number of females, the totals show 
a relatively lower number of females than in the low strain. 
The totals for the high strain were 8,837 males to 8,942 females 
or a ratio of i male to 1.012 females while in the low strain there 
were 8,368 males to 9,091 females or a ratio of i male to 1.086 
females. 

1 In all tables where two numbers are expressed with a dash between them, as 
68-58, the number to the left of the dash always represents the male count and the 
number to the right, the female count. 
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Grand Total.8837-8942 





















Showing Summary of the “Low” Strain of the Bloomington Stock. Experiment I. 
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Selection Experiment II. (Saratoga Stock.) 

In the first experiment, a much larger number of flies were 
examined than were examined by Moenkhaus. But since oppo¬ 
site results were obtained, a criticism might be offered that the 
writer, by chance, selected a stock which was not affected by 
selection. So the second experiment was made upon a new and 
unrelated stock. This stock was collected at Saratoga, Indiana. 
Fifty matings were made from among the offspring of a single 
pair. The extremes of these fifty were used as parents of the 
high and low strains. The counts of these fifty pairs are given 
in Table V. There were 21,019 examined before selection 
began and the stock showed a ratio of i: 1.0512, or 10, 247 males 
to 10,772 females. 

Table V. 


Showing the Origin of the “ High ” and “ Low ” Strains of the Saratoga Stock . 
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Grand Total. 10,247 cf’s to 10,772 9 's 


The results of the selection in this experiment are given in 
Tables VI. and VII. In this stock there were greater individual 
variations from the normal sex-ratios in each direction but they 
did not breed true. The totals show the high strain to have a 
higher relative number of females than the low strain. They 
are as follows: for the high strain, 7,377 males to 8,365 females, 
or a ratio of i: 1.134; for the low strain, 10,923 males to 11,246 
females or a ratio of i: 1.029. Considering these totals, it might 
seem that something had been accomplished by selection but when 
the totals are considered generation by generation the results do 
not seem so conclusive. If selection has been the factor which 

1 From this mating originated the “low” strain. 

2 From this mating originated the “high” strain. 

















Table VI. 

Showing Summary of the " Low ” Strain of the Saratoga Stock , Experiment II . 
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Showing Summary of the “High” Strain of the Saratoga Stock. Experiment II. 
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has made the difference between the two strains, the difference 
should be most evident in the later generations of the experi¬ 
ment. This is not true, for a moment’s calculation will show that 
the last three generations in each strain do not show as extreme 
an average ratio in the desired direction as those which preceed 
tehm. Although the difference between the totals of the two 
strains may be sufficiently large to be considered significant, it 
seems more probable that it Is a chance variation, especially since 
the first experiment showed a similar variation in the direction 
opposite selection. 

Selection Experiment III. (Warsaw Stock.) 

In order to make the work still more conclusive, selection was 
attempted upon a third stock. This stock was collected at 
Warsaw, Indiana, and kept as a stock culture in the laboratory 
for about six months before the experiment was started. 

Here forty-two pairs were mated from among the offspring of 
a single pair and the extremes of these matings were used as the 
parents of the high and low strains.^ There were 11,190 flies 
examined before the selection began, 5,448 males to 5,742 females, 
a ratio of i: 1.0539. The counts of these matings are given in 
Table VIII. 


Table VIII. 

Showing Origin of the "'High" and “Low” Strains of the Warsaw Stock. 
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Grand Total. 5.448 d^’s to 5,742 9 ’s 


1 From this mating originated the “high” strain. 

* From this mating originated the “low” strain. 

® It will be seen in Table VIII. that the pair used as the parents of the low 
strain did not produce the most extreme ratio in that direction. This mistake was 
due to a mathematical error which was not checked up until it was too late to 
rectify the experiment. 
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In the latter part of this experiment there was a diveation from 
the usual methods. The element of time was sacrificed to be 
able to make a larger number of matings in each generation. 
A number of males and females were isolated from each mating, 
being examined, and held to be mated after all of the counts for 
the generation were finished. By this method it was necessary 
to make matings only from the cultures which had given the 
most desirable ratios but in so doing a considerable amount of 
time was lost between each generation. 

This third attempt to modify, by selection, the sex-ratio did 
not result in bringing about any very significant difference 
between the two strains. (Tables IX. and X. give the results 
of selection upon this stock.) The ratios computed from the 
totals in each strain showed a slight difference in the desired 
direction but this was so slight that it might be due to chance. 
Therefore it seems that no definite conclusions can be drawn 
from this experiment. In the low strain the totals were 9,673 
males to 9,951 females, or a ratio of i: 1.0287 and in the high 
strain 12,327 males to 12,898 females, or a ratio of i: 1.0463. 

Conclusion. 

Since three distinct and unrelated stocks of flies show no sig¬ 
nificant effect of selection, it seems safe to conclude from these 
data that Moenkhaus s conclusion concerning the amenability 
of the sex-ratio in Drosophila ampelophila will not hold. 

Discussion of Moenkhaus’s Work. 

Moenkhaus concludes from his work on the effect of selection 
on sex-ratios in Drosophila ampelophila that sex-ratios are 
‘‘strongly transmissible and amenable to the process of selection.” 
From his paper it is somewhat difficult to tell whether Moenkhaus 
intended to say that he had developed by selection, strains char¬ 
acterized by high and low female ratios or that by selection, he 
simply maintained a high and low strain ’which he found in 
nature. His results are given in the discussion which follows. 

By way of explanation it might be said that Moenkhaus called 
the strain in which he selected for a relatively higher female 
ratio the ‘‘female” strain, and the one in which he selected in 


Table IX. 

Showing Summary of the "Low” Strain of the Warsaw Slock. Experiment III. 
A 23s cfs-238 9 s (/ : 1.013) 


362 


DON C. WARREN. 
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Showing Summary of the "High” Strain of the Warsaw Stock. Experiment III. 
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the opposite direction the ‘‘male” strain. This terminology 
will be used throughout this discussion. As the starting point 
of his female strain, he selected from nature a pair of flies which 
produced 52 males and 135 females and in his male strain he 
started with a pair which produced 84 males and 75 females. 

Considering first the effect of selection upon his female strain 
we find here no conclusive evidence of any progressive change in 
the direction of the selection. (His data for this strain are given 
in Table XI.) To be sure, there is a slight increase in the 
relative number of females in his second and third generations 
over his first generation, but this fluctuation could easily be 
attributed to the small number of individuals examined. The 
greatest difficulty in assuming the effectiveness of selection here, 
is the fact that his last two generations are the ones in which he 
obtained the lowest relative number of females. Moenkhaus 
explains these low ratios of the last two generations in that he 
possibly made a poor selection in the preceding generation, but 
if we consider selection as having a cumulative effect (as Moenk¬ 
haus seems to consider it) it is difficult to see how one could lose 
by one poor selection all that he had accomplished in the previous 
selections; It must be admitted that by using as parents of 
each succeeding generation, pairs which threw the most extreme 
ratios in favor of the females, Moenkhaus was able to maintain 
a strain which on an average gave a relatively high number of 
females. But this was probably not due to any cumulative 
effect of selection but to the isolation of a peculiar type of female 
which will be discussed more fully later. 

As to the male strain (Table XII)., Moenkhaus admits that 
the effect of his selection here has been slight and after examining 
his data carefully it is difficult to see how it could be assumed 
that there has been even a slight effect of selection. He started 
with a ratio (84 males to 75 females) which was only slightly 
different from normal and this slight difference was not trans¬ 
mitted to the first generation nor any succeeding one. So it 
seems that he had here a normal strain which would have given 
the same ratio regardless of the direction of the selection. 

The female strain is the unusual one and is in need of an ex¬ 
planation. It throws some very exceptional ratios in favor of 


Table XL 

History of Aloenkhaus’s "'Female" Strain. 
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the females and these exceptional individual ratios caused the 
relative number of females in the female strain to be higher than 
normal* These unusual ratios can be readily explained by as¬ 
suming that the female which Moenkhaus selected as the mother 
of his female strain carried a recessive sex-linked lethal factor 
and it will be pointed out later that all of Moenkhaus’s data 
substantiate, very precisely, this assumption. The existence 
of such factors has been conclusively demonstrated by the recent 
work of Morgan and his students. A recessive lethal factor is 
any factor that brings about the death of the individual in 
which it occurs, provided its effect is not counteracted by the 
action of its normal allelomorph. Then if a lethal is sex-linked, 
all males which get it will die for they cannot carry its normal 
allelomorph since they possess but one X-chromosome. Since 
all males receiving the lethal factor die, this factor is never trans¬ 
mitted by the male and as a consequence the female can never 
be homozygous for it. Therefore the lethal factor has no effect 
on the female but she, by transmitting it to half of her sons, 
causes their death. Since half of the males die, a 2: i ratio will 
result. A female carrying a lethal will transmit it to half of her 
daughters and they will always be heterozygous for it since they 
cannot receive it from their father. 

Then the female which Aloenkhaus used as the mother of his 
female line was probably a lethal female. It should be said that 
Moenkhaus is not to be criticised for not considering lethals in 
his paper, for lethals were not known till two years after his work 
was published. The original female gave a ratio which was an 
approximate 2: i ratio. As mothers of the succeeding genera¬ 
tions, Moenkhaus probably selected lethal bearing females 
(excluding female 5 of generation 4). These females should 
transmit the lethal factor to half their daughters and this expec¬ 
tation is realized, for from the 31 matings made in the female 
strain (excluding the offspring of female 5 of generation 4), 
fifteen 2:1 ratios resulted. Those considered 2:1 ratios are 
matings 3, 9 and ii of generation i; 7, 8 and 10 of generation 
2; 3, 4 and 7 of generation 3; i, 7, 8, and 10 of generation 4; and 
7 and 8 of generation 5. So the number of 2: i ratios obtained 
would justify the assumption of the presence of a lethal factor. 
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Another indication of the presence of a lethal factor is the fact 
that in generation 4, when he used female 5 which gave a normal 
ratio, as mother of the next generation, all of her daughters also 
threw normal ratios. This female did not carry the lethal 
factor and none of her offspring showed abnormal ratios. 

A third indication of a lethal factor is the fact that Moenkhaus 
found in crossing his male and female strains that the female is 
almost wholly responsible for the transmission of the sex-ratio. 
For he found if females from a strain possessing a high female 
ratio be mated with males from a strain possessing a low female 
ratio or vice versa, the offspring will show a sex-ratio which is 
wholly or very near that of the strain from which the females 
were taken. If his female strain carried a lethal factor and if 
his male strain was a normal strain, as it appears to be, the above 
result would be the expected one. For, if a lethal bearing female 
is mated to a normal male, she will transmit the lethal factor to 
half her daughters but a male from the lethal strain cannot 
transmit the lethal factor because all of the lethal bearing males 
die. Therefore the end result would be as Moenkhaus found, 
that the offspring will show sex-ratios like that of the strains 
from which the females came. 

Of course, the only sure way of testing for a sex-linked lethal 
factor is to cross the suspected female to a male carrying another 
sex-linked factor and the resulting Fo will be characterized by a 
deficiency in the class of normal males. So it is not possible to 
determine beyond doubt whether the unusual ratios in Moenk- 
haus’s female strain were due to a lethal factor. But since 
several lethals have already been found and all of his data sub¬ 
stantiate this assumption, it seems that this explanation is prob¬ 
ably the correct one. 

Discussion. 

The writer’s three attempts to modify by selection, the sex- 
ratio in the fruit fly have resulted in no clear-cut evidence that 
it was modifiable. In each experiment, the work covered more 
generations and many more individuals than the work of Moenk¬ 
haus. Since Moenkhaus’s results could not be obtained in any 
one of the three experiments, it leads one to question Moenk¬ 
haus’s conclusions or, at least, to question the general application 
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of his findings. The fact that the difference which Aloenkhaus 
found between his two strains can be readily explained to be due 
to a cause entirely independent of the cumulative effect of selec¬ 
tion, makes his work support, rather than oppose the findings of 
the writer. It must be admitted that negative results in secletion 
work can never be conclusive, for the criticism may always be 
offered that selection over a greater period might ha\^e yielded 
different results. But, nevertheless, we feel justified in conclud¬ 
ing from the data here presented that the sex-ratio in Drosophila 
ampelophila is not readily, if at all, modifiable by selection. 

Lethals. 

Since the offspring of over 700 pairs of flies were examined for 
sex in these experiments, and since extreme ratios were sought, 
it would not be surprising to find a sex-linked lethal mutation. 
In fact, there is fairly good evidence that one such mutation 
occurred. This was mating number of 6 generation G of the 
low strain of the Bloomington stock (Table IV.). This gave an 
approximate 2; i ratio (84 males to 180 females). Four matings 
were made from among the offspring of this mating and three 
out of the four gave 2 to i ratios while the fourth was doubtful. 
If a sex-linked lethal mutation had occurred, half of the four 
should have given 2 to i ratios and the other half normal. Since 
so few matings were made, it is possible that all the females 
chosen were lethal bearers. The stock was lost by accident at 
this time and further tests were not possible. But since the 
unusual ratio was transmitted it is probable that a mutation 
occurred here: In the high series of the Saratoga stock, there 
were several ratios which approximate a 2 to i ratio but none 
of the flies showing it transmitted this tendency to their off¬ 
spring. Also in the high strain of the Warsaw stock, generation 
E mating 12 gave a 2 to i ratio. A large number of matings 
were made among the offspring of this pair but this unusual ratio 
was not transmitted to any of the progeny. 

In all of the matings examined there were comparatively few 
ratios found which were two to one or more.^ These extreme 

‘ The unusual ratios more frequently occurred where the counts were very small. 
These cases were considered to have been due to some unfavorable environmental 
condition. 
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ratios were more frequently In favor of the females and in only 
one case was there any evidence that a sex-linked lethal mutation 
had occurred. 

In conclusion, I wish to express my thanks to Professor Fer¬ 
nandas Payne for the suggestion of this problem and also for 
many helpful suggestions and criticism while the work was in 
^progress. I am also greatly indebted to my wife, Elmira Shierling 
Warren, for help, both in the carrying out of the experiment and 
in the preparation of the manuscript. 

Summary. 

1. The sex-ratio in Drosophila ampelophila is 100 females to 
95 males. 

2. The age of the parent has no effect upon the sex-ratio of its 
offspring. 

3. The difference which Moenkhaus found between his two 
strains, and which he attributed to selection, was probably due 
to the fact that his male strain was a normal one and his female 
strain was a lethal bearing one. 

4. The sex-ratio in Drosophila ampelophila is not readily, if at 
all, modifiable by selection. 

5. There was probably one sex-linked lethal mutation in the 
writer’s selection stocks. 
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